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Train in N. Wales with open third-class carriages, 1862

line and to an even level. Ballast
should be of hard angular broken
stone. It must be porous, and
there must be good drainage below
it, so that water will not soak into
and soften the foundation beneath.

Except in N. America, where
weights on individual wheels up to
about 17 tons are permitted, nor-
mal maximum wheel loads are
generally restricted to 11 tons.
To transmit the heavier loads to
the ballast, the Americans use
between 3,000 and 3,500 sleepers
to a mile of track ; in Great Britain
the number is normally 2,112.
Sleepers are usually of hardwood,
impregnated with creosote to
prevent decay. The average weight
of a chaired and creosoted wooden
sleeper is 237 Ib. Steel sleepers
are much used on the European
Continent and in countries where
wood is scarce or liable to rapid
deterioration. Considerable mile-
age of the S.W. division of the
French National railways is carried
on concrete sleepers. Tests of rein-
forced concrete sleepers have been
made on main lines in the U.K.;
and they are used for sidings.

For high-speed main lines,
curves are not normally made
sharper than about half-a-mile
radius, and are generally banked
to a maximum of 6 ins. Speed is
usually restricted on sharper
curves. On curves of sharp radius,
cheek rails inside the lower rail
take part of the side thrust,

Steel rail are of two types, bull-
head, which are carried in cast-
iron chairs, and flat-bottom, car-
ried on cast-iron or steel solc-
plates, or fixed directly to the
sleepers by spikes or screws. Rail
fends are joined together by fish-
plates. Rails are usually in lengths
of 60 ft., but in the U.K. 120-ft.
rails have been laid experiment-
ally. The end-to-end welding of
45-ft. rails is standard in New
South Wales up to 360 ft. On
some railways in the U.S.A. rails
are welded into continuous lengths
except at junctions.

British track
differs in design
from that laid in
almost all other
countries in the
world, as bull-
head rails are
used, keyed in
chairs. But after
1950 many miles
of track were
converted to flat-
bottom rails
carried on heavy
steel sleeper-
plates which are
held down by a variety of fasten-
ings to sleepers more closely spaced
than for the bull-head rail.

ROLLING STOCK. Only first-
class vehicles were enclosed to
begin with, open thirds lasting
until well into the 1850s, and even
later on certain branch lines. From
open four-wheelers, the railway
carriage progressed through the
stages of six-wheel enclosed and
six-wheel corridors, introduced on
the North-Eastern in 1883, to the
bogie carriage of today. The first
bogie vehicles in Great Britain
were the five
Pullmans put
on the London-
Bradford service
by the Midland
in 1874. These
Pullmans were
the pioneer
buffet cars;
sleeping saloons
antedated them
by two years,
being intro-
duced on the E. and W. coast routes
to Scotland in 1873. In 1893 the
afternoon express from Bang's Cross
to Edinburgh was corridor through-
out, and this became general main-
line practice in Great Britain.
Third-class diners appeared in
1891, third-class sleeping cars in
1927. Since 1875 continuous
brakes (see Brake) have been fitted
to British passenger stock, and the
act of 1889, which made such
brakes compulsory, was merely
intended to bring into fine certain
recalcitrant railways.

An increasing number of pas-
senger coaches are made of steel
sheets, giving strength with light-
ness, Lounge bar and buffet cars
are attached to most main-line
trains, and sleeping cars to most
night expresses in the U.K. and
overseas. Many trains running
through scenic country have ob-
servation cars. Freightwagons and
vans are of many types and capa-
cities. The majority of open
wagons used in Great Britain were

four-wheeled and were develop-
ments of the " wains " used 300
years ago in the colliery railways.
Covered wagons were subsequently
introduced to protect goods frorn
rain, snow, etc. The general
carrying capacity is 10 to 12 tons,
but as older wagons are con-
demned they are replaced by
wagons of larger capacity. In trip
U.S.A. and other countries 50-ton
and larger wagons are common.
Many special types of wagons
have been developed to carry
special traffic, e.g. petrol, milk,
bananas, fish; and heating and
refrigerating plant is installed
when necessary. Express freight
trams have continuous braking.

RACK RAILWAYS. On gradients
exceeding 1 in 25 the ordinary
kind of adhesion locomotive is
impracticable. Gradients up to }
in 12 can be climbed, under favour-
able conditions, by trains of which
all the wheels are driven. On
steeper grades adhesion is insuffici-
ent, and a positive means of haul-
age is required, the most usual
being that afforded by the engage-
ment of driven cogwheels with a

Train on the first railway in  the U.S.A., Albany to
Schenectady, opened Aug. 3, 1831
rack laid between the running rail*
and fixed firmly to the sleepers.
The rack railway up Mt. Pilatus,
near Lucerne, Switzerland, has an
average gradient of 1 in 2| and
a maximum gradient of 1 in 2.
On very steep gradients the
locomotive is always placed on the
downhill side of the vehicles it
has to move. Brakes act on the cog
shafts, and work automatically if
the speed exceeds a certain limit.
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